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%’/ Example of Born Approximation: Square Well Potential

Consider scattering of particles interacting via a spherical three dimensional (3D) square well
potential V(r) = V, forr < R, and zero outside (V(r) = 0 for r > R.). The integral (35) for
the scattering amplitude required here is then
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From integrating over 6 and ¢ the low and high energy limits for the total cross section are
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The two examples illustrate some general features of scattering in the Born approximation:

(i) Born approximation is based on perturbation theory, so it works best for high energy parti-
cles. .

(ii) At high energy, the scattering amplitude and the cross section are inversely proportional
to the energy (£ = R?k*/2m). E.g. both become smaller and the scattering weaker with
increasing energy. This is a general phenomenon, if no bound states appear in the vicinity
of the energy. This can be seen best by inspecting the Fourier transformed Green function
Go(k|E) o< 1/(E — ’-‘;:—:) that is inverse proportional to the energy.

(iii) Scattering depends on square of the interaction potential, e.g. V2, so both attractive and

repulsive potentials behave the same.
(iv) The dependence on the energy of the incident beam k and scattering angle 6 arises only .
through the combination Q) = 2k sin % Thus as energy increases, the scattering angle § is re-
duced and the scattered beam becomes more peaked in the forward direction.

(v) Angular dependence depends on the range of the potential R, but not on the strength V5.
(vi) The total cross section depends on both range R, and depth V; of the potential.
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